Phosphatidylserine plays an important role in cell membranes. We have reported the occurrence of phosphatidyl-D-serine (D-PS) in the rat cerebrum. Here, we describe the tissue distribution of D-PS in the rat. The D/D+L ratio of D-PS in the cerebrum was 0.9%, while no detectable amount of D-PS was detected in the cerebellum. D-PS was also found in the heart, spleen, lung, testis, liver, and kidney in a range of 0.05-0.7% (the D/D+L ratio). Thus, D-PS, even in small amounts, is localized to the cerebrum in the brain and is distributed to various tissues other than the brain in the rat.
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Key words: phosphatidyl-D-serine; rat; distribution; D-serine Phosphatidylserine (PS) is a derivative of phosphatidic acid, in which a phosphoric acid is bound by an ester linkage to the hydroxyl group of a serine moiety. It plays important roles in biological processes such as apoptosis 1) and cell signaling. 2) PS was first identified as a distinct entity of brain cephalin by Folch et al. 3) They reported that the serine moiety of PS is present only in an L-form in living organisms. Thereafter, it was long believed that phosphatidyl-L-serine (L-PS) is the only naturally occurring PS. However, we have found that phosphatidyl-D-serine (D-PS) occurs in the rat brain 4) by using recently developed techniques [5] [6] [7] for the sensitive detection of enantiomers of amino acids. The presence of the endogenous activity of incorporating free D-serine into phospholipids in a cerebrum extract 4) raises the important question whether D-PS is distributed throughout the body or is localized only in a specific site in the brain.
Free D-serine plays an important role as a coagonist of N-methyl-D-aspartate receptors in the brain. 8) It is localized in the cerebrum at a ratio of 27% against total serine. 6) Especially, the gray matter of the cerebral cortex, hippocampus, and amygdala contain high levels of D-serine, and it is enriched in process-bearing glial cells (type-2 astrocytes). 9) In contrast, only small amounts (at a ratio of D-serine to total serine of <5%) of D-serine can be detected in the cerebellum and the peripheral organs. 6) It is believed that intracellular Dserine is endogenously synthesized by serine racemase, a brain-enriched enzyme converting L-to D-serine. 10, 11) The enzyme shows high sequence homology with the fold-type II group of pyridoxal 5 0 -phosphate-dependent enzymes, such as serine/threonine dehydratase and D-serine dehydratase. 12) Serine racemase also catalyzes the dehydration of D-serine, and the dehydration activity is significantly higher than that for serine racemization. 13) Accordingly, there is still controversy as to the physiological role of serine racemase in the synthesis of D-serine in the cerebrum. Because the synthesis and degradation of D-PS potentially affect intracellular free D-serine levels, more information is needed on the possible biological significance of D-PS in living organisms. One important question is whether D-PS is distributed among tissues other than brain.
In this study, we investigated the tissue distribution of D-PS in the rat. Four male Std:Wister rats (Japan SLC, Hamamatsu, Japan) at postnatal week 7 were sacrificed, and their cerebrum, cerebellum, heart, lung, liver, kidney, spleen, and testis were excised. The animal experiments were conducted in accordance with the ''Standards Relating to the Care and Management of Laboratory Animals and Relief of Pain'' (Notice no. 88, Ministry of the Environment, Government of Japan). Crude lipids were extracted from all tissues by Folch's method. 14) PS was isolated from the crude lipids by preparative thin-layer chromatography (Silica Gel 60 glass plate, Merck, Darmstadt, Germany) in a solvent system of chloroform/methanol/acetic acid/water (65/ 25/2/4, v/v) 15) and by CM-cellulose column chromatography. 16) The purified PS was hydrolyzed by boiling in 1 ml of 6 M HCl for 6 h. The hydrolysate was mixed with 9 volumes of chloroform/methanol/water (27/13/ 5, v/v) and centrifuged at 100 Â g for 20 min. The aqueous fraction containing serine was collected. Serine was derivatized with o-phthaldialdehyde (OPA) and N-tert-butyloxycarbonyl-L-cysteine (Boc-L-Cys), and was analyzed by reverse-phase HPLC. 5) As shown in Fig. 1 , D-serine was detected in hydrolysates of PS from the cerebrum, heart, lung, liver, kidney, spleen, and testis. The amount of D-serine was below the detection limit (<0:62 mM) with the hydrolysate from the cerebellum. Quantitative HPLC yielded a ratio of D-serine to total serine in phospholipids from the tissues ( Table 1 ). The ratio (D/D+L) of the cerebrum sample was 0.9%. This value was highest among the eight tissues. These results indicate that D-PS in the brain is selectively localized in the cerebrum, not the cerebellum, reflecting selective localization of free D-serine in the brain. 6 Biosci. Biotechnol. Biochem., 74 (9), [1953] [1954] [1955] 2010 Note free D-serine plays important roles in the cerebrum, its biosynthesis/degradation is still unclear. Because the distribution of D-PS is in good agreement with that of free D-serine in the brain, it is possible that the synthesis and degradation of D-PS affect to some extent the levels of free D-serine in the brain, promoting its neurological functions. Since free D-serine is known to be synthesized and secreted in type-2 astrocytes, 9) further investigation of D-PS at the cellular level is required to elucidate its biological significance.
We have found that free D-serine was incorporated into phospholipids in an in vitro system using a cerebrum extract, 4) suggesting that D-PS can be synthesized by the base-exchange reaction in brain. If D-serine and L-serine are not distinguished by enzymes in the biosynthesis and degradation of PS, the distribution pattern of D-PS is expected to be in accordance with that of free D-serine. However, the distribution pattern of D-PS in the peripheral organs was found to be different from that of free D-serine ( Table 1 ). The ratio of D-PS to total PS at postnatal week 7 was 0.7% in the heart, 0.5% in the spleen and the lung, 0.4% in the testis, 0.2% in the liver, and 0.05% in the kidney. In contrast, the ratio of free D-serine to total serine was 4.0% in the testis, 3.0% in the kidney, 2.4% in the lung, 1.8% in the spleen, and below the detection limit in the heart and the liver. 6) The absence of a significant correlation between the ratio of D-PS to total PS and that of D-serine to total serine suggests a possible metabolic difference between D-serine and L-serine in the biosynthesis and degradation of PS, at least in the peripheral organs. D-PS and L-PS exhibit considerable differences in physical and biochemical properties. 17) Nevertheless, the distribution of D-PS at the cellular level is unknown. If D-PS is localized at a significant level to a specific site in the cell, then D-PS might play an unknown biological role different from that of L-PS.
In conclusion, we found for the first time that D-PS, even in small amounts, occurs in various tissues of the rat. The ratio of D-PS at postnatal week 7 was 0.9% in the cerebrum, 0.7% in the heart, 0.5% in the spleen and the lung, 0.4% in the testis, 0.2% in the liver, and 0.05% in the kidney. On the other hand, no detectable amount of D-PS was detected in the cerebellum, indicating that D-PS is localized to the cerebrum in the brain. 
